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ABSTRACT: Soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae), continues to be an 
economically important insect pest of soybean in the northcentral region of the United States since its 
first report in 2000. Control has traditionally relied on foliar applications of pyrethroid and organophos-
phate insecticides; however, recent confirmed failures of pyrethroids in the region have prompted imme-
diate management concerns. Insecticidal modes of action are limited, and there is a need for assessing re-
sidual efficacy of exisiting and new insecticides for soybean aphid. We developed a field-based protocol 
to evaluate the residual efficacy of treated foliage, and tested our method with two insecticides. Our re-
sidual testing protocol can be utilized for residual efficacy evaluations of other pests and in other systems. 
KEYWORDS: Insecticide, Integrated Pest Management, resistance management, soybean, Aphis glycines
Soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae), continues to be an 
economic soybean pest, Glycine max (L.) Merr., in the northcentral region of the United 
States. In particular, soybean aphid consistently exceeds the economic threshold (ET; Rags-
dale et al., 2007) in Minnesota and northern Iowa. Naturally occurring soybean aphid infesta-
tions have exceeded the ET 55.56% and 41.67% of the time in research plots in northwest and 
northeast Iowa, respectively (Iowa State University Soybean Research Laboratory). The ET 
was not exceeded at all locations within a year, which highlights the sporadic nature of soy-
bean aphid. Foliar insecticides have been the primary management tactic since the confirma-
tion of this pest in North America in 2000; pyrethroids (Group 3A) and organophosphates 
(Group 1B) are predominantly used for management (Hodgson et al., 2012). The adoption 
and efficacy of insecticidal seed treatments containing neonicotinoids (Group 4A) to suppress 
early-season soybean aphid establishment varies among growing regions. However, frequent 
scouting (Hodgson et al., 2005) and threshold-based application of foliar insecticides pro-
vides a greater likelihood and magnitude of positive net return than seed-applied insecticides 
for management of soybean aphid (Johnson et al., 2009, Koch et al., 2016, Krupke et al., 2017).
Sole reliance on chemical-based management with frequent exposures can result 
in accelerated development of resistant populations (Pedigo and Rice 2009, Tabash-
nik et al., 2014, IRAC 2018). This is especially true for aphids, which produce asex-
ual clones, have multiple generations per growing season, and short generation times 
(Loxdale 2009, Pedigo and Rice 2009). A single female can result in billions of indi-
viduals in a growing season, and resulting genetic mutations can accelerate adapta-
tion to environmental conditions, including insecticide applications. Several aphid species 
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have developed resistance to multiple insecticide groups, including green peach aphid, 
Myzus persicae (Sulzer), and cotton aphid, Aphis gossypii Glover (Foster et al., 2007). 
Previous literature has reported soybean aphid becoming resistant to insecticides in 
Asia (Wang et al., 2011, 2012). Moreover, Ribeiro et al. (2018) demonstrated that soybean 
aphids no longer susceptible to neonicotinoid insecticides had resistance ratios that exceeded 
20-fold. There were few reports of field failures for insecticides for the first 15 years of man-
aging soybean aphid in the United States. In 2015 and 2016, populations from fields in Min-
nesota and Iowa that experienced insecticide failure had resistance ratios greater than 
40-fold for bifenthrin and lambda-cyhalothrin, two pyrethroid insecticides (Hanson et al., 
2017). For example, populations from Minnesota and Iowa had resistance ratios greater than 
40-fold for bifenthrin and lambda-cyhalothrin in 2015 and 2016, two pyrethroid insecti-
cides (Hanson et al., 2017). Since then, pyrethroid resistance has expanded in range to North 
Dakota and South Dakota (Koch et al., 2018). Published reports and our personal obser-
vations in fields with poor pyrethroid efficacy had patches of aphids (i.e., suspected resis-
tant) remain, which may be due to a mixture of genotypes (e.g., Orantes et al., 2012). Due to 
their asexual reproduction, high reproductive capacity and migratory behavior in the sum-
mer, several soybean aphid genotypes can colonize a single field (Hodgson et al., 2005). 
While resistance to organophosphate insecticides has not yet been reported, continued reli-
ance on only two modes of action could put this class of insecticides at risk as well. In addi-
tion to this risk, regulatory actions may limit the utility of organophosphates in the future 
(Dean and Hodgson 2020). One chlorpyrifos manufacturer will cease production by 2021 
amid declining sales, and chlorpyrifos has been banned in California and the European Union.
Confirmation of pyrethroid resistance for soybean aphid has created an immediate man-
agement issue in the north central region. We anticipate pyrethroid efficacy to continue to 
decline and the magnitude of resistance to increase in the future; in addition, the range of resis-
tant populations may spread to other states and Canadian provinces. Applying foliar insec-
ticides several times per growing season to protect yield is not a profitable farming plan. 
As a result, farmers will likely alternate insecticide classes to improve aphid suppression.
Several factors contributed to the development of pyrethroid resistance for soybean 
aphid (Hanson et al., 2017, Koch et al., 2018), but relying on two group numbers has cer-
tainly exacerbated the problem. Novel insecticide groups with residual activity will be 
essential in a resistance management plan and durability of insecticides. A novel pyro-
pene insecticide, Sefina® Inscalis® Insecticide (afidopyropen, IRAC Group 9D), received 
United States Environmental Protection Agency registration for use in soybean in 2018. 
This pyropene is an effective insecticide for management of soybean aphid (Hodg-
son and VanNostrand 2019), and offers an alternate insecticide group for resistance man-
agement as well as provide selectivity to conserve pollinators and natural enemies. 
Other research has summarized the effect of temperature on insecticide efficacy (Ama-
rasekare and Edelson 2004), toxicity (Mamoon-ur-Rashid et al., 2011), and residue compart-
mentalization (Southwick et al., 1986). Other residual-testing research with aphids involves 
using small cages to minimize movement (Boiteau et al., 1997). We developed a refined resid-
ual testing protocol for soybean aphid to determine efficacy of foliar insecticides over time. 
Our protocol is focused on evaluating aphid survival and reproduction on treated foliage. 
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MATERIALS  AND METHODS 
Plot Establishment
Plots were established at the Iowa State University Johnson Research Farm near Ames, IA 
in 2017 and 2018. A plot of soybean measuring 15.24 meters by 15.24 meters using the com-
mercial brand S24-K2, Syngenta, Minnetonka, MN was planted in 2017; and a plot measuring 
18.29 meters by 15.24 meters using the commercial brand AcreEdge 22R268, Landus Coopera-
tive, Ames, IA was planted in 2018. Within the plot each year, flags were placed every two rows 
(1.5 meters apart) and every 1.5 meters along rows, which indicated the location where cages 
would later be constructed (Fig. 1). Treatments were arranged in a split-plot design, where resid-
ual resting date was the whole plot treatment and insecticide was the sub-plot treatment.
There were two treatments (afidopyropen [11.046 g ai/ha] and untreated control) in 2017 
and three treatments (afidopyropen [11.046 g ai/ha], lambda-cyhalothrin [34.97 g ai/ha], and 
untreated control) in 2018, with five residual testing dates (3, 7, 14, 21, and 28 days after treat-
ment [DAT]) in both years. Residual testing dates refer to the number of days elapsed following 
insecticide application until aphids were placed on leaflets. We placed aphids on 10 and 8 plants 
in each treatment and each residual testing date in 2017 and 2018, respectively, which were used 
as replications in the experiment.
Cage Construction
Predator exclusion cages were used to ensure aphid populations were not impacted by aphid 
movement in the field or natural enemies. All cages were constructed at the same time prior 
to the application of insecticides. Total cages constructed in 2017 and 2018 were 100 and 120, 
respectively. 
Figure 1. Graphical representation of plot layout from 2018.  
Downloaded From: https://bioone.org/journals/Journal-of-the-Kansas-Entomological-Society on 06 Jan 2021
Terms of Use: https://bioone.org/terms-of-use	Access provided by Iowa State University
VOLUME 93, ISSUE 1 27
Insecticide Application
On each caged plant, the internode below the uppermost fully expanded trifoliate was 
marked with a ribbon prior to foliar product application to ensure aphids were placed on treated 
leaves. In 2017, afidopyropen (219.14 ml/ha) was applied to plants at beginning bloom (R1) 
on 5 July. In 2018, afidopyropen (219.14 ml/ha) and lambda-cyhalothrin (140.18 ml/ha) were 
Tomato cages were placed and centered over plants of similar growth stages at inter-
vals described above (Figs. 2b, d). A single piece of rebar was zip-tied to each tomato cage and 
placed approximately six inches (15.2 cm) into the soil to limit environmental damage to the 
cage. A trench was dug around the cage to bury one end of the mesh sleeve (100% polyester 
“no-see-um” white mesh, Quest Outfitters) in the soil. Plants were thinned to a single plant per 
cage, which was inspected for arthropods (e.g., aphids, mites, beetles, etc.). If any were found, 
we removed them before pulling the mesh sleeve over the tomato cage. Sleeves were secured at 
the top of the cage with a durable twist-tie. Mesh sleeves remained closed after cage construction 
until plots were sprayed with their respective treatments. 
Figure 2. Residual protocol process, including a) mesh sock covering infested trifoliates, 
b) mesh sleeves covering plants, c) aphids on soybean leaflets, and d) field view of project. 
Photos by EWH. 
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Aphid Colony and Transfer 
The aphids used in this experiment were from a colony maintained in the Insectary Green-
house at Iowa State University, Ames, IA, and were biotype-1 (Alt and Ryan-Mahmutagic 2013). 
Prior to transfer, extra care was taken to ensure that no natural enemies or additional pests were 
present on the trifoliates being evaluated. 
The mesh sleeve was pulled down while transferring aphids to treated leaves (Fig. 2b). Using 
a fine-tipped paintbrush, 10 adult aphids were transferred to the underside of a leaflet on the 
trifoliate above the ribbon and covered with a mesh sock (Fig. 2a) held closed with a paper clip 
to limit aphid movement. Plants were then covered with the mesh sleeve and secured with the 
twist-tie (Figs. 2b, d); the mesh sleeve in addition to the mesh sock provided additional protec-
tion from predators in case the mesh sock was damaged.. This process occurred for all plants at 
each residual testing date.
Residual Evaluation 
The total number of aphids was counted five days after each infestation date (Fig. 2c) to 
measure the response to the residual treatment. Once aphid populations were recorded for 
an individual residual testing date, those plots were no longer used and the mesh sleeve could 
remain down and unsecured.
Statistical Analysis 
Data from each year were analyzed separately using PROC GLM in SAS 9.4 (SAS Institute, 
Cary, NC). Analysis of variance was performed for each residual testing date separately, with 
aphid density as the response variable and insecticide treatment as the sole fixed effect. Each 
plant was considered a replicate in this small plot experiment. A square root transformation was 
used to normalize aphid density; the transformed data was used in the analysis, but means are 
displayed on the original scale. Mean comparisons were made using the Fisher test of least sig-
nificant difference (LSMEANS function), which resulted in paired t-tests of treatments for each 
residual testing date in each year. Significant differences were determined using alpha = 0.10.
RESULTS AND CONCLUSIONS
applied at pod set (R3) on 20 July. All insecticides occurred as a single application with a back-
pack sprayer (275,790 pascal and 187 liters/ha). Plastic garbage bags were placed over the treat-
ments not being sprayed to ensure no cross-contamination of treatments, and the mesh sleeves 
were pulled back up following application and secured with the twist-tie. 
In 2017, we determined the residual efficacy of afidopyropen by comparing the mean 
number of aphids present on leaves treated with the foliar product to an untreated control for 
five time points after treatment: 3, 7, 14, 21, and 28 DAT. Significant differences occurred for 
3 (F1,18 = 15.80; P  0.001), 7 (F1,18 = 36.59; P = 0.001) and 14 DAT (F1,18 = 31.64; P = 0.001) 
(Table 1). No significant difference occurred between treatments for 21 and 28 DAT (Fig. 3).
In 2018, we determined the residual efficacy of afidopyropen with a similar procedure as 
2017, except we compared it with a commonly used pyrethroid insecticide, lambda-cyhalothrin, 
and an untreated control. Significant differences occurred for 3 (F2,21 = 10.77; P = 0.001), 7 
(F2,21 = 2.77; P = 0.085), 14 (F2,21 = 3.14; P = 0.064), and 28 DAT (F2,20 = 3.05; P = 0.070; 
Table 1). The ANOVA indicated no differences at 21 DAT (F2,20 = 2.43; P = 0.114; Fig. 4).
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Figure 3. Comparison of soybean aphid densities in 2017 for five residual testing dates (3, 7, 14, 
21, and 28 days after treatment [DAT]) + the standard error of the mean [SEM]. Means with 
a unique letter are significantly different at alpha = 0.10. Unique letters indicate significance 
within a residual testing date, and comparisons cannot be made across dates. 
Figure 4. Comparison of soybean aphid densities in 2018 for five residual testing dates (3, 7, 14, 
21, and 28 days after treatment [DAT]) + the standard error of the mean [SEM]. Means with 
a unique letter are significantly different at alpha = 0.10. Unique letters indicate significance 
within a residual testing date, and comparisons cannot be made across dates. 
Post-treatment soybean aphid behavior was noted in 2017 and 2018 during our evaluations. 
Aphids on plants sprayed with afidopyropen produced few or no offspring (Figs. 3-4). Aphids 
also appeared to stay on the leaves during the 5-day period. No aphids were noted on other plant 
tissues or the mesh sock covering the leaf during evaluation. 
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Mean number of aphids ± SEM
untreated afidopyropen lambda-cyhalothrin
2017
3 DAT 31.30 ± 5.58A 8.90 ± 1.93B --
7 DAT 61.80 ± 11.62A 7.00 ± 1.86B --
14 DAT 39.50 ± 5.84A 7.80 ± 3.32B --
21 DAT 14.10 ± 4.72A 19.70 ± 3.99A --
28 DAT 19.78 ± 3.53A 17.33 ± 6.12A --
2018
3 DAT 24.75 ± 5.51A 6.38 ± 1.00B 5.50 ± 1.71B
7 DAT 11.50 ± 1.46A 4.38 ± 1.16B 11.00 ± 3.83AB
14 DAT 24.13 ± 9.95A 4.50 ± 1.59B 21.00 ± 8.54A
21 DAT 13.14 ± 2.40AB 6.75 ± 1.67B 16.00 ± 2.89A
28 DAT 10.71 ± 2.55A 4.50 ± 1.45B 5.88 ± 1.51AB
Table 1. Mean number of aphids ± the standard error of the mean [SEM] for five residual testing 
dates (3, 7, 14, 21, and 28 days after treatment [DAT]). Mean separation was done for each residual 
testing date; therefore, letters determine differences among treatments for a single date (within 
rows). Significance was determined using α = 0.10.
DISCUSSION
Our study was designed to evaluate a novel residual testing protocol and determine the 
residual efficacy for afidopyropen compared to lambda-cyhalothrin and an untreated control for 
aphids. Afidopyropen had at least a 14 day residual in 2017. In 2018, afidopyropen demonstrated 
at least a 28-day residual for soybean aphid, and its efficacy is comparable to commercially avail-
able pyrethroid insecticides. This protocol can be used to determine the residual efficacy of 
insecticides for soybean aphid, and this protocol could be applied to other aphid species or crop-
pest systems in the future. However, we recommend modifying this protocol to incorporate 
additional replications and/or locations such that pseudoreplication can be avoided. We oper-
ated with limited space and product to include additional replications.
The residual activity determined for the insecticides used in our study potentially represents 
the maximum residual of these products. We used predator exclusion cages and a mesh sock to 
ensure that aphid colonies on the treated leaflets would be unaffected by predators and envi-
ronmental conditions. In doing so, we also protected the insecticide on the leaflet from any 
potential environmental degredation from factors such as sunlight and precipitation (Gavrilescu 
2005). Although this allowed us to determine the maximum residual activity, it may not rep-
resent the actual residual in the field in a given year. Additionally, it may not be necessary to 
include both a mesh sock and a predator exclusion cage in the experimental design as the mesh 
sock is likely sufficient for excluding predators and other arthropods; however, we believe that 
using the predator exclusion cage further ensures that the aphid colonies will not be affected by 
Downloaded From: https://bioone.org/journals/Journal-of-the-Kansas-Entomological-Society on 06 Jan 2021
Terms of Use: https://bioone.org/terms-of-use	Access provided by Iowa State University
VOLUME 93, ISSUE 1 31
outside variables and protects the trifoliate in the mesh sock from environmental damage (e.g., 
heavy wind) and should be used as long as it does not unnecessarily affect the aphids or insecti-
cide in a way that influences the outcome of the experiment.
Since 2001, farmers have relied on organophosphates (Group 1B) and pyrethroids (Group 
3A) to manage soybean aphid. To prolong existing efficacy, we recommend using foliar insec-
ticides only when aphids reach the economic threshold (Ragsdale et al., 2007), which involves 
regular scouting to monitor aphid population dynamics (Hodgson et al., 2005). Pesticide appli-
cation prior to reaching the economic threshold is unlikely to be economical but will increase 
aphid exposure to the chemical and selection pressure for resistance development.
Recent confirmation of pyrethroid resistance for soybean aphid is an emerging issue in 
the northcentral region and is prompting farmers to change practices to protect yield. If pyre-
throid-resistant aphids are suspected to be present, products that do not contain pyrethroids 
should be used. Additionally, although products that contain pyrethroids in combination with 
other chemicals may provide some level of control, they should be avoided if pyrethroid resis-
tance is present (IRAC 2012). If resistance is suspected, scouting fields with personal protective 
equipment or after the re-entry interval has passed is recommended to assess the level of pest 
control. Using an alternative mode of action, like afidopyropen in Group 9D, will be an import-
ant resistance management strategy for soybean aphid.
Currently, few protocols have been established to determine the residual efficacy of an insec-
ticide in a field setting. Our research demonstrates that the experimental setup used can show 
the extent of efficacy for insecticidal products for soybean aphid in the field and could be used 
in other crop-pest systems to evaluate residual efficacy. With increasing incidence of insecticide 
resistance in arthropod populations, this protocol could be used to evaluate and compare new 
products in the field.
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